e e —_—_—
UL Lk LS o

ARI Research Note 89-34

Human Factors Performance Data for Future
Foward Area Air Defense Systems (FAADS)

Bettina A. Babbitt, Sally A. Seven,
and Frederick A. Muckler
Essex Corporation

AD-A210 425

for

Contracting Officer’s Representative
Charles O. Nystrom

Field Unit at Fort Hood, Texas
George M. Gividen, Chief

Systems Research Laboratory
Robin L. Keesee, Director

DTIC
June 1989 s ELECTE D
JUL 211983

United States Army
Research Institute for the Behavioral and Social Sciences

Approved for the public release; distribution is unlimited.

8 7 21 419




U.S. ARMY RESEARCH INSTITUTE
FOR THE BEHAVIORAL AND SOCIAL SCIENCES

A Field Operating Agency Under the Jurisdiction
of the Deputy Chief of Staff for Personnel

EDGAR M. JOHNSON JON W. BLADES
Technical Director COL, IN
Commander

. __________________________________________|]
Technical review by

David M. Johnson
Kenneth C. Reynolds

NOTICES

n cleared for release to the Defense Technical Information
ry requirements. It has been given no primary distribution
ble only through DTIC or the National Technical Informational

FINAL DISPOSITION: This report may be destroyed when it is no longer needed. Please do not
return it to the U.S. Army Research Institute for the Behavioral and Social Sciences.

NOTE: The views, opinions, and findings in this report are those of the author(s) and should not to
be construed as an official Department of the Army position, policy, or decision, unless so
designated by other authorized documents.




UNCLASSIFIED ' ,
SECOMTY CLASSITICATION OF THiS PAGE.

1] ION HIS PAGE

Form Approved
REPORT DOCUMENTATION PAGE OMB Ne 0904.0188
1a. REPORT SECURITY CLASSIFICATION 1b. RESTRICTIVE MARKINGS
Unclassified -
2a. SECURITY CLASSIFICATION AUTHORITY 3. DISTRIBUTION / AVAILABILITY OF REPORT
- Approved for public release;
2b. DECLASSIFICATION / DOWNGRADING SCHEDULE distribution is unlimited.
4. PERFORMING ORGANIZATION REPORT NUMBER(S) 5. MONITORING ORGANIZATION REPORT NUMBER(S)
- ARI Research Note 89-34
6a. NAME OF PERFORMING ORGANIZATION 6b. OFFICE SYMBOL | 7a. NAME OF MONITORING ORGANIZATION
(/f applicable) U.S. Army Research Institute
Essex Corporation - Fort Hood Field Unit
6¢c. ADDRESS (City, State, and ZIP Code) 7b. ADDRESS (City, State, and ZIP Code)
741 Lakefield Rd., Suite B HQ TEXCOM
Westlake Village, CA 91361 Fort Hood, TX 76544-5065
8a. NAME OF FUNDING / SPONSORING 8b. OFFICE SYMBOL § 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION U.S. Army Research (if applicable)
Institute_for the Behavioral MDA903-86-C-0365
and Social Sciences -
8c. ADDRESS (City, State, and ZiP Code) 10. SOURCE OF FUNDING NUMBERS
PROGRAM PROJECT TASK WORK UNIT
5001 Eisenhower Avenue ELEMENT NO. | NO. NO. ACCESSION NO.
Alexandria, VA 22333-5600 63744A 795 114 c2

11. TITLE (Include Security Classification)
Human Factors Performance Data for Future Forward Area Air Defense Systems (FAADS)

12. PERSONAL AUTHOR(S)
Babbitt, Bettina A.; Muckler, Frederick A.; Seven, Sally A. (Essex Corporation)

13a. TYPE OF REPORT 13b. TIME COVERED 14. DATE OF REPQRT (Year, Month, Day) |15. PAGE COUNT

Final FROM _86/10 TO _87/12 1989, June 189

16. SUPPLEMENTARY NOTATION
Charles 0. Nystrom, Contracting Officer's Representative

17. COSATI CODES 18. SUBJECT TERMS (Continue on reverse if necessary and identify by block number)
FIELD GROUP SUB-GROUP Forward area air defense systems -,Operational test data:
Sgt York system Human performance models)
System performance models: - J-+ - (Continued)

19. ABSTRACT (Continue on reverse if necessary and identify by block number)
l- = This research documents the collection, organization, and aralysis of MANPRINT-related

data from the 1985 Sgt York Follow-On Evaluation I. In 1985, an extensive follow-on evalua-
tion was conducted of the Sgt York system. Due to the use of an automated digital data bus,
a large quantity of objective system and subsystem data was recorded. Included in these
data was a substantial amount of previously uninvestigated individual and crew performance
data. The data yielded findings on many issues relevant to the design of FAADS. The report
provides suggestions on applying the performance data to future soldier-system performance
models. Such models can be remarkably helpful in making decisions about future FAADS.
Recommendations are also given on how to improve future follow-on evaluations.

. . IR o e ‘ : B
, . ‘ JEIENY } / ,
1 S S T N -7 . J/

T SRRV I B o,

20. DISTRIBUTION / AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION
& uncLassiFieorunumiTeD  [J SAME As RPT. O otic users | Unclassified

22a. NAME OF RESPONSIGLE INDIVIDUAL 22b. TELEPHONE (Inciude Area Code) | 22¢c. OFFICE SYMBOL

Charles 0. Nystrom (817) 288-9118 PERI-SH

R
DD Form 1473, JUN 86 Previous editions are obsolete. SECURITY CLASSIFICATION OF THIS PAGE
UNCLASSIFIED




i oo 2ot —

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

ARI Research Note 89-34
18. SUBJECT TERMS (Continued)

Individual & crew performance data
Tactical scenarios

DTIC TAB
Unannounced O
Justification

Accesston For
NTIS GRA&I P
a

By

Distribution/

Availablility Codes
lAvail and/or

‘Dist | Speclal
]

a/‘ i l
UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

ii




FOREWORD

The Fort Hood Field Unit of the U.S. Army Research Institute for the
Behavioral and Social Sciences (ARI) conducts research and development to
promote the effective combat use of the soldier and to improve soldier-machine
interfaces in future system designs. Data are reported here from the Sgt
York Follow-On Evaluation I (FOE I), which generated objective performance
measures on individual soldier, team, and system performance in the execution
of the target engagement sequence. The implications of these data for
developing future air defense systems are discussed for such areas as system
and subsystem performance, tactical performance, individual and crew
performance, personnel factors, and training.

The primary objective of this effort was to structure the data into a
human performance data base that could be incorporated into computer models of
human and system performance in future Forward Area Air Defense Systems
(FAADS). Further, the data, the analyses, and the recommendations in this
report provide information directly relevant to consideration of the soldier
into future FAADS design.

The participation of ARI in the Sgt York FOE I was in accordance with a
Letter of Agreement between ARI and the U.S. Operational Test and Evaluation
Agency (OTEA) dated 15 June 1983. The preparation of this report was funded
under Research Task 114, Air Defense Crew and Operator Performance, sponsored
by the Air Defense School. The effort was in accordance with a Letter of
Agreement between ARI and the U.S. Army Air Defense Artillery School dated 20
September 1986. The data and analyses presented in this report have been
provided to OTEA and the U.S. Army.Air Defense School.
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HUMAN FACTORS PERFORMANCE DATA FOR FUTURE FORVARD AREA AIR DEFENSE SYSTEMS
(FAADS)

EXECUTIVE SUMMARY

Requirement:

Considerable data were collected during the Sgt York Follow-On Evaluation
I. Vhen system acquisition was cancelled by the Secretary of Defense, much of
the processing of the collected data was also cancelled or brought to a hasty
conclusion. The U.S. Army Research Institute for the Behavioral and Social
Sciences (ARI) proposed that additional analyses be performed and reported.
This document reports the findings of this effort. It documents the collec-
tion and analysis of man-system performance events during 271 target engage-
ment sequences and answvers the requirement to develop information of use in
the design of future forward area air defense systems.

Procedure:

The principal data for this analysis was produced by an automated digital
data bus during the Sgt York force-on-force trials (nonlive fire) that took
place at Fort Hunter-Liggett in 1985. Printouts were examined and a criterion
vas developed for usable engagements (events that proceeded all the way
through to a trigger pull). Using this criterion, data from 271 target en-
gagement sequences occurring during 15 of the 29 valid trials were included in
the analysis. Collateral data were assembled relating to the independent
variables associated with the engagements.

Findings:

The data yielded findings on many issues related to the design of FAADS.
Objective performance data are examined with respect to fourteen issues:

® Actual system performance compared with system performance
requirements

The negative impact of some semi-automation

Variations in fire unit performance

The impact of various tactical scenarios on performance

The effect of hostile rotary-wing tactics on system performance
The effect of various electronic countermeasure (ECM) conditions
Varying performance levels as a function of the time of day
Reaction to first target appearance at various ranges

Specific task performance of gunner and squad leaders

The effect of wearing mission-oriented protective posture gear
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Varying target workloads on the operator

Characteristics of crewmen related to individual performance

The influence of "mental category" on crew mix and crew performance
Crev member training, past experience, and performance

Utilization of Findings:

This report provides suggestions for application of the performance data
to soldier-performance models that will impact on decisions relating to future

FAADS. Recommendations are also made for improvement of future FAADS
evaluations.
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HUMAN FACTORS PERFORMANCE DATA FOR FUTURE
FORWARD AREA AIR DEFENSE SYSTEMS (FAADS)

Introduction

Future FAADS

Whatever the future of specific forward area air defense artillery
systems, it would appear to be a safe prediction that many new systems are
going to be developed and evaluated. Whether the systems are soldier-portable
(e.g., Stinger and AAWS-M) or multi-crew self-propelled vehicles (e.g., ADATS,
Shahine, or the advanced Rapier), some combination of air defemse artillery
systems will emerge in the future to meet the continuing and increasing threat
that hostile fixed-wing and rotary aircraft bring to the battlefield. While
some of these may be non-developmental items, it appears safe to predict that
much new (and better) design will be needed for future FAADS.

Estimates of the requirements from the battlefield continue to increase in
severity. Effective weapon ranges seem to expand constantly, perhaps up to 10
kilometers. The most important requirement, however, is response time. We
are dealing with system response times of less than 10 seconds. Both in speed
and in tactics, hostile fixed-wing and rotary aircraft will be directed to
provide decreased exposure which in turn will require air defense artillery
response times to decrease.

Role of the Human Operator

With very short system response times required, the role of the human
operator in FAADS must be questioned. While there are many potential uses for
the human operator in air defense systems, there may not be time for the human
to react. Or, if he is in the control loop, his actions must be very simple
ones.

For some years this problem has been increasingly evident in the design of
air defense systems, and there have been more and more attempts to introduce
system and subsystem automation. Briefly, the trend has been first to change
manual tasks into semi-automatic tasks and then to provide support with
automatic decision-aiding systems. An example of the first is manual
computer-assisted firing; an example of the second is automated Identification
Friend or Foe (IFF). Some data from the SGT York testing suggests that the
particular automation introduced may not have helped system performance. The
particular technique of automation may have reduced system capability by
increasing the system”™s response time.

Operational tests over the past five years have suggested that the soldier
has been used in less than optimal ways in air defense systems. Beyond poor
basic human engineering design for the crew stations (Babbitt, 1987), some of
the fundamental tasks being performed, for example, by the gunner and squad
leader appear to be badly designed, particularly when various levels of
automation are introduced.




Computer Simulation for Design

Part of the problem appears to be that operational tasks and roles for the
soldier are inadequately tested in development. Insufficient time and
resources are applied to verify the feasibility and timeliness of required
human task performance. It is to be hoped that in the future more attention
is given by system design teams to physical simulation and empirical check of
man”s roles before system designs are frozen.

There is another method that could be used effectively to predict and
design human operator tasks in air defense systems. That method is the
development of quantitative human performance models through computer
simulation (Chubb, Laughery, & Pritsker, 1987). Briefly, a number of
extensively developed and proven models are available for simulating human-
system performance and predicting quantitatively (and accurately) expected
levels of human performance in complex systems.

Such simulations have been widely and successfully used in Army weapon
systems design. For example, the ARI Crew Performance Model (Schwalm,
Crumley, Coke, & Sachs, 1981) has recently been used to predict soldier-system
performance in advanced concepts for the Howitzer Improvement Program. These
models have also been developed specifically for man-machine problems in air
defense. One specific example was MOPADS (Models of Operator Performance in
Air Defense Systems) based on the SAINT modeling language and tested on the
AN/TSQ-73 system and the IHAWK (Polito & Laughery, 1984). The technical
methodology is well developed and tested (Rouse, 1980).

In essence, if a specific model is not available for the particular
system, the following steps have to be taken for a quantitative man-machine
model:

o The proposed system and alternatives must be described at a suffi-
cient level of detail so that all critical system tasks are identified.

e An appropriate computer model framework is selected to represent the
system and its functions. This is a simulation of the system, and will be
successful to the degree to which the simulation maps into the system. Many
models and flexible simulation languages are available for use. Extreme
precision, incidentally, is not necessarily mandatory depending upon, among
other things, what level of accuracy is required in quantitative predictions.
For design feasibility studies, it is often sufficient to identify that a
design alternative is an acceptable candidate for advanced development.

¢ Data estimates have to be available to simulate predicted performance
values that might be expected for each system and subsystem parameter in the
model. These may be data distributions or they may be single data points
depending upon the particular model framework. These are the data that the
model will use to compute predicted performance levels.

Performance Data For Modeling

Data for the model may be generated in a number of ways. First, for some
parameters there are very substantial data in the literature. In fast
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response time systems where operator reaction time is critical, thousands of
published data points are available for human reaction time data distribu-
tions. Second, no known data may exist, and estimation techniques (some of
which are quite satisfactory) must be used.

Third, data may come from empirical situations which have another
objective. For example, developmental and operational tests of specific
systems can provide data that go beyond the particular and can be used in far
more general or other specific contexts. This report supplies data from just
such a source. 1In 1985, a very extensive operational test was conducted with
the Sgt York air defense system. Very large amounts of performance data were
collected from air defense tasks performed by the crews in the Sgt York. Of
particular importance was data on target engagement events during 271
operational trials. From this, the human and system performance data base
presented in this report was developed. These data are applicable beyond the
Sgt York, and are analyzed in depth in this report.

Purpose of this Report

Building from the Sgt York target engagement sequence data base and the
objective human and system performance data there, the following objectives
are the purpose of this report:

® Developing specific recommendations for the use of the human operator
in future FAADS with particular emphasis on future automation.

® Generating data on a wide variety of potential air defense systems
variables in such areas as system and subsystem performance, tactical perfor-
mance variations, individual and crew performance, personnel quality, and
training. The present findings suggest which variables are important
and which might not be important.

® Generating significant parameters and data for computer models of
human performance in future FAADS design.

® Providing data, concepts, and awareness for the critical role of the
soldier in air defense systems and his better utilization in future FAADS.




Human Performance Data

The FAADS Target Engagement Sequence (TES)

The target engagement sequence is at the heart of the air defense mission.
A generic model is presented in this chapter to describe the target engagement
sequence which would apply to any forward area air defense weapon system. The
generic model is then expanded and refined so that it applies to specific FAAD
systems for ADATS, Liberty (Shahine), Tracked Rapier, and Paladin (Roland).
Further amplification of the target engagement sequence includes a model
specific to the Divisional Air Defense Gun System (DIVAD), and its several
acquisition system modes of operation. Integration of the specific target
engagement sequences with the generic model will be discussed.

Generic Target Engagement Sequence

In the simplest terms, target engagement involves detecting, identifying,
and firing on a target. That last segment has long been machine supported,
whether such support means firing a bullet, a shell, or a missile. More
recently, machines have helped system operators to aim at the target, to lead
the target appropriately, and to track and identify the target.

Now, in a variety of FAADS applications, many of the target engagement
tasks are machine aided. Radar systems can help to detect targets as well as
to discriminate friends from foes. The type of weapon system used against a
target has an impact on the actions that must be taken by human operators and
the help that machine systems will provide. Attacking a plane using a
shoulder-fired Stinger weapon places very different demands on an operator
than does using a weapon system such as the Sgt York, which is capable of
performing wore functions automatically.

The FAADS Target Engagement Sequence (TES) will vary in its particulars
from one weapon system to another, but there will also be important parallels
within the various systems. Whatever the system, a target must be detected,
it must be acquired by the weapon, and it must be fired at. A possible
sequence of steps leading from target appearance through cease fire is
indicated below:

1. Target appears.

2. Target 1is detected.

3. Target is identified as foe.

4. Target 1s tracked.

5. Target elevation, azimuth, and range are determined.

6. Aiming point is determined, i.e., firing solution is calculated.
7. Weapons system 1s aimed at target.

8. Decision to fire 1is made.

9. Firing begins.

10. Firing ceases.




Some variation may occur among systems as to the order in which the steps
of the target engagement sequence must be taken; still, some steps must be
accomplished before other steps are taken. For example, the target must be
detected before any of the rest of the sequence can proceed. It is important
to classify the target as foe before firing on it, but that classification can
precede or follow the determination of the exact location of the target.

The information obtained from the fifth step is needed for the sixth
step, and certainly the weapon system should be aimed (Step 7) before firing
begins (Step 9). 1In other words, although there is some interdependence among
the steps in the target engagement sequence, variations in the order of
occurrence are possible. These variations are dependent on (1) the specific
total weapon system and the way the tasks are allocated between human operator
and machine components for that system, and also on (2) the particular way
that a given target engagement sequence develops.

To locate a target precisely enough to be able to hit it, elevationm,
azimuth, and range information is needed and should be obtained before the
target is fired on. A human operator can establish elevation and azimuth by
superimposing some sighting element (cross hairs, reticle, etc.) over the
target. Range information 1s less easily obtained. Radar and laser are two
ways of getting range data. A moving target presents special difficulties
because its position is constantly changing. To hit it, its position must not
only be determined but predicted so that the weapon system can intercept it.

To provide an overview for this discussion, a model is presented which
illustrates the FAADS generic target engagement sequence functions (see
Figure 1). As will be seen with the description, function, and flow diagrams
for specific systems, each system will be different as weapon systems, yet
will be subsumed under the generic target engagement sequence.

The U.S. Army“s comprehensive FAAD plan consists of five different
elements: Line-of-Sight, Forward-Heavy (LOS-FH); Line-of-Sight, Rear (LOS-
R); Non-Line-of-Sight; Combined Arms; and Command-Control Information (C2I)
("After DIVAD, an $l1-billion plan,” ). LOS-FH is considered the Sgt York
replacement. An interim system of European design will be fielded for the
line-of-sight forward defense of heavy divisions. LOS-FH is to be a combined
missile and gun system. LOS-FH armored vehicles are to travel along with
tanks and other armored vehicles in the forward half of the Army“s heavy
divisions. Under congressional mandate, a LOS-FH replacement for Sgt York was
to be selected by November, 1987, with a prior shoot off. An existing system
currently in production was to be selected in November, and fielded by 1990.
The competitors for LOS-FH were: (1) ADATS system from Martin-Marietta
Orlando Aerospace and QOerlekon Aerospace of Canada; (2) Liberty (evolved from
the French-made Shahine system) from LTV Missile and Electronics Group”s Mis-
slle Division and Thomson-CSF of France; (3) Rapier from United Technologies,
FMC Corp., and British Aerospace; and (4) Paladin (a renamed version of the
Roland) from Hughes Aircraft, Messerschmitt-Boeoklu-Blohm of West Germany, and
SNI Aerospatiale of France (Adams, 1987). All four systems have self-
contained radars for locating targets and missiles with a range of at least 6
km.




SEARCH

Detect Signai

4

Seiect/Identify Target

Acquire Target

Determine Fire Solution

Decide to Fire

Fire A4
(Continuous)

Figure 1. Forward Area Air Defense Systems (FAADS) generic target
engagement sequence functions.




Air Defense, Anti-Tank Systems - ADATS. ADATS is a day/night and adverse
weather missile system capable of engaging air targets or tanks. Each fire
unit is self-contained, and uses its own radar for early detection of targets.
The fire unit can be incorporated into a network of layer radars for command
and control. The target engagement sequence used for ADATS is shown in Figure
2. Characteristics of the ADATS are presented in Table 1.

Liberty (Evolution of the Shahine). The Liberty originally evolved from
the Crotale air defense system which was a forerunner of the Shahine air
defense system. The system is configured with 2, 3, or 4 fire units, and one
or two acquisition and coordination units. The modular system can be mounted
on a tank chassis, wheeled armored vehicle, or air transportable shelters.
Liberty is a surface~to-air defense system designed for all-weather intercep-
tion of targets. The target engagement sequence used for the Liberty is
presented in Figure 3. Characteristics of the Liberty are provided in Table 1
from a description of the Shahine air defense system. Liberty is an evolution
of the French-made Shahine system used in Saudi Arabia (the system consists of
a 25 mm gun and 12 missiles on an Abrams chassis) (Adams, 1987).

Tracked Rapier. An armored version of a cargo carrier is being used as
the launch vehicle for Tracked Rapier. The weapon system is highly mobile and
is able to defend mobile forces against low-flying fixed-wing and rotary-wing
aircraft. The system carries eight missiles, four on each side. The missiles
can be fired and guided at low elevations over the cab. The armored cab is
designed to be operated by crew members in MOPP gear. The Tracked Rapier has
day/night capability. Optical tracking facilities are combined with thermal
imaging. The system may operate in a passive mode, and has automatic passive
search when the radar is switched off. The operator may select optical or IR
tracking. The target engagement sequence for the Tracked Rapier is presented
in Figure 4. Characteristics of the Tracked Rapier are identified in Table 1.

Paladin (Renamed Version of the Rolauad II). Paladin is an all-
weather/clear-weather surface-to-alr weapon system. It was designed for
defence against very low, low, and medium altitude fixed-wing and rotary-
wing targets. The weapon system can be incorporated into various armored
vehicles, and is able to function as an independent unit. The fire unit can
be mounted on a tracked vehicle or on a truck. The Roland (Paladin) is in its
third updated version, and has increased range, speed, and uses a heavier
warhead than in previous versions. A new launcher system was designed, and
the weapon system is able to carry 12 missiles, whereas previously it carried
10 missiles. Nine countries have adopted the weapon system. The target
engagement sequence for the Paladin 1s flowcharted in Figure 5. Characteris-
tics of the Paladin are identified in Table 1 from a description of the Roland
I1 Mobile Anti-Aircraft Weapon System. The French-German Euromissile
Consortium developed the Roland system.
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Figure 2. Air Defense, Anti-Tank System (ADATS) target engagement

sequence functions.




Table 1

Weapon System Characteristics (Jane's Weapon Systems, 1986-87; and
Aviation Week & Space Technology, 1987)

Alr Defense 8 Ready-to-Fire Missiles

Anti-Tank

System
(ADATS)

Liberty
(evolution
of the
Shahine)

Tracked
Rapier

(renamad
version of
Roland II)

Alr Targets

Anti-Tank Defense

Autonomous Fire Unit

Propulsion Solid, Smckeless Rocket Motor
Range 8+ km

Search Range 20 km

1 Cannon 25 mm

Machine Gun .50 Caliber

Bradley Chassis

6 Ready-to-Fire Missiles

(12 Missiles, Production Version)

40 Targets on Display

Threat Evaluation & Tracking 18 Targets

1 or 2 Acquisition & Coordination Units, & 2, 3, or 4 Fire
Units

Acquisition Range 19.5 lm

Tracking Range 17 km
Tracked Vehicle or Heavy-Duty Wheeled

Reaction Time 6 seconds
AMX-30 Tank Chassis
{(M1A1 Tank Chassis & 2 Carnons 25 mm, Production Version)

8 Ready-to-Fire Missiles

Air Targets

Anti-Tank Defense

Autonomous Fire Unit
Propuision Integral

2-Stage Solid Propellent Motor
Range 7 km

Amphibiocus

Cab Design for NBC Gear

2 Machine Guns .50 Caliber
FMC/RCM 748 Tracked Vehicle
(Bradley Chassis, 1 Cannon 25 mm, Production Version)

10 Ready-to-Fire Missiles

Alr Targets

Missile Tracking IR

Autonomous Pire Unit

Range 16 km

M933 Tracked Vehicle

(M1A1 Tank Chassis & 1 Canmon 25 mm, Production Version)




SEARCRE

y

Detect Signal
Clear Weather/All Weather

Select/Identify Target
Radar, Optical, TV, Ground

Acquire Target
Radar

TV Equipment Tracking System

Determine Fire Solution

Decide to Fire

Missile Launch Guidance
IR Localizer on Firing Axis v
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Figure 3. Liberty (evolution of the Shahine) target engagement sequence
functions.
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Figure 4. Tracked Rapier target engagement sequence functions.
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Figure 5. Paladin (renamed version of the Roland II) target engagement
sequence functions.
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FAADS TES Specific to the Sgt York Fire Unit

The content of the FAADS data base described in this report came from the
first Follow-on Evaluation of the Sgt York system. Therefore, it is ap-
propriate at this time to look at the procedures for conducting the target
engagement sequence as they were structured for the Sgt York crews. The
amplification of procedures will be important to understanding and interpret-
ing research findings regarding crew decisions, crew activities, and weapon
system processing. The concept of "system modes” is key and pervasive to
learning and understanding Sgt York target engagement procedures.

System Modes of Operation

The Sgt York gun system had over a dozen modes of system operation.
In addition, there were off-line modes to prepare for operations. Modes of
operation were identified and clustered differently in different documents,
such as the Operator”s Manual {(Crew) Volumes I-III, and the 1553 Serilal Data
Bus.

Mode Performance Data Included in Data Base. During FOE I Force-on-
Force, not all system modes of operation were tested. Human and system
performance data (target engagement event times) was collected and inserted
into the FAADS data base only for System Acquisition Modes 8, 9, A, B, and C.
These are all that this report (e.g., the data base) provides data for.
(There is another acquisition mode, mode 7, for which, unfortunately, no data
was obtained.) So, in the most important respect, having entries in the
performance data base, only these acquisition modes are addressed by this
document.

However, to provide the reader with some idea of the other modes, they will
also be listed or briefly described in the next several pages.

Radar Auto mode. Radar Auto mode was the fastest target engagement
method. 1In Radar Auto, the system pointed to a top priority target when it
was within a predetermined range. Automatic calculation was performed for
gun lead and superelevation angles. The system was directed to the greatest
threat when more than one engageable target appeared. When the RDR switch was
set to AUTO, the PALM SWITCH was enabled; and when the TURRET~GUN switch was
get to ENABLE, the turret could slew with little or no warning. The gunner
watched the target in the gunsight, and the squad leader watched the display
for target data or searched for additional targets.

Radar Pointer mode. The second radar method used to acquire targets was
termed the Radar Pointer mode. The operator could designate with a cursor a
target of any priority during Radar Pointer mode. Only one target could be
designated with the pointer symbol on the display. Once the target had been
pointed, the target was watched by search radar. While the radar was tracking
the pointer-designated target, other targets could also be engaged. While in
the Radar Pointer mode, it was possible to acquire targets even though they
may have been beyond the recommended firing range. Crew members could acquire
a designated target under Radar Pointer mode at any time.

Radar Jammer mode. Radar Jammer mode was designed to acquire on-board
radar jammers, and was considered a variation of Radar Pointer method. 1If a
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sector was affected by jamming, the radar automatically indicated the sector
on the display. The display indicated the calculated center of the jammed
sector (see Figure 6). Gunner and Squad lLeader were to designate jammer cues
as though they were targets.

System laser. The laser could be combined with any radar engagement
method (Radar Auto, Radar Pointer, Radar Jammer), or it could be used alone
for the optical/laser mode. A more accurate fire control solution was
produced when the laser mode was combined with a radar mode (see Figure 7).

Laser with any radar mode. When the laser mode was combined with a radar
mode, laser data was added to the track radar data to establish a combined
firing solution. If the crewmen were tracking in the radar mode, they were to
lage when the target could be seen in the gunsight. Actually, the determining
factor as to whether radar and lase modes should be combined was contingent on
whether there was additional time to supplement the radar solution with
greater accuracy to the radar-based fire control solution. 1If a firing
solution for radar only was blinking instead of solid, then if time allowed,
the crew could lase. Since a blinking center firing cue indicated that a
firing solution had been achieved yet was out of recommended range, use of the
laser could promote an improved fire solution and hopefully a solid firing cue
indicating that the target was in recommended range.

System optical/laser. It was possible to use the laser range-~finder
alone during optical/laser engagements. The laser rangefinder consisted of a
transmitter., receiver, and an electronics unit. Lasing was the only way to
provide target range and speed information to the fire control computer in the
optical mode. Lasing a target in the optical mode, using the laser ran-
gefinder, resulted in the display of only the target lased. Ground and air
were the two submodes of optical/laser operation. These modes were selected
using a GROUND-AIR switch on the gunner”s control panel. Ground targets were
displayed with a ground target symbol only. Air targets were differentially
displayed as slow or fast targets. Slow targets were represented by a
helicopter symbol, and fast targets were represented by a fixed-wing aircraft
symbol. Targets that were in range were displayed as larger symbols than for
targets out of range (see Figure 8).

Point-detonating ammunition was automatically selected in the laser
ground mode unless it was not available or the crew member overrode the
automatic selection of ammunition. The narrow laser beam (0.5 mils) as-
sociated with the ground mode corresponded to the gunsight inner reticle.
Live ammunition was not used during the Force-on~Force trials.

In laser air mode, ammunition was selected automatically by the fire
control computer according to its evaluation of the target. The wider laser
beam (3.0 mils) used during air mode allowed for easier tracking of a dodging
air target. The air mode laser beam corresponded to the coverage of the peri-
scope inner reticle circle and the gunsight outer reticle circle.

Laser effectiveness was degraded by conditions such as fog, clouds, and
smoke. In addition, since laser firing generates heat, the laser would

automatically stop firing when the laser transmitter temperature reached a
pre-set level.
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Figure 6. Display indicates jammed sector and jamming center cue.
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Figqure 7. Firing solution cues for radar and laser.
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TARGET SYMBOLS DESCRIPTION
ENGAGEABLE OUT OF RANGE

Top priority fixed-wing target.

Second priority fixed-wing target.

Lower than second priority fixed-wing

target.

Fixed wing target deleted.

Top priority helicopter target,

Second priority helicopter target,

Lower than second priority helicopter

target.

Helicopter target deleted.

] AT AN OO0
qAd A SO oo

Ground vehicle.

Pigure 8. Target symbols for fixed-wing, helicopter, and ground vehicle.
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Gun Slaving Modes. Particular subsystem failures could occur during
which normal re control solutions were not produced by the fire control
computer. Instead the data were entered by the operator who was moving the
gunsight. 1In the slave mode, guns were pointed where the gunsight was pointed
(sights were scoped to gunline). Gun superelevation and lead angle were
entered by the operator. The fire control computer could not make automatic
ammunition selection or burst length in the slave mode. Therefore, the
operator had the additional task of selecting both ammunition type and burst
length.

Operators were alerted to the occurence of the slave mode condition by a
SYSTEMS STATUS (SST) NO GO lamp on the gunner”s control panel (see Figure 9).
Failures of the attitude reference unit (ARU) or the fire control computer
could result in a SST message which specifies slave mode.

System Firing on the Move. System firing on the move included the
optical/laser system mode and all radar system modes. All laser and radar
systems were stabilized to allow for engagements while traversing terrain or
on road march conditions. However, a slight loss of accuracy would be
anticipated when firing on the move versus firing from a stationary position.

Battle Quick Start procedures. Fire unit preparation required preli-
minary procedures to be conducted prior to target engagement. Preliminary
procedures included, but were not limited to, system operational checks,
magazine loading, calibration firing, pre-engagement checks, radar prepara-
tion, setting search-sector limit, setting primary target line, selecting
radar channel, setting symbols switch, antenna deployment, etc. Battle Quick
Start procedures could be used in an emergency to achieve operational
readiness for the fire unit in less time. However, when Battle Quick Start
procedures were used, there was some degradation of system capabilities and
performance.

System Mode Radar Silent. During Radar Silent mode, power was supplied
by vehicle batteries only. Silent mode was used for periods of observation
and surveillance or after loss of high voltage AC power. Since radar did not
operate without system AC power, Radar Silent mode consisted of a limited
version of the optical/laser engagement. Two l12-volt batteries were used for
silent mode, and four 12-volt batteries were held in reserve to start the fire
unit. Gun firing and turret movement were performed manually. Either
gunsight or periscope could be used to manually aim the 40-mm guns. There
were limitations in using Radar Silent mode. For example, the attitude
reference unit (ARU) and the laser were cooled by AC power. The ARU and the
laser could have led to automatic shutdown without cooling.

For purposes of the Force-on-Force FOE I, modes of operation were
primarily radar pointer or radar supported by laser. Crew members usually

maintained control over the turret by tracking each target manually. Using
this approach, they avoided the sudden and hazardous slewing of the turret

that could occur when in the Radar auto mode.
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Figqure 9. System status NO GO lamp indicates slave mode.
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System Mode Non-Operative. 1In addition to system modes of operation,
several non-operative modes (off-line, preparatory modes) were available to
the crew. They were special non-tactical modes which crew members were not to
select when involved in an engagement sequence. The seven non-operative
modes were to be used for: (1) magazine loading and down-loading, (2) checking
and setting boresights, (3) preparatory procedures, (4) calibration firing,
(5) maintenance operations, (6) proficiency trainer, and (7) fault isolation.

System Modes of Operation and the 1553 Data Bus. The 1553 Serial Data
Bus carried system event data between the Data System Controller, the Fire
Control Computer, and the Radar Computer. Switch actions by the Sgt York crew
were recorded on the 1553 Data Bus. The Data Bus recorded to the nearest one-
thousandth of a minute when a fire unit entered each system mode and the onset
time of various activities as well (see Table 2).

Non-Acquisition Modes. There were six non-acquisition modes. The non-
acquisition modes were to be used during activities such as searching,
detecting, identifying and classifying, acquiring, tracking, and lasing
targets. However, it was not possible to engage a target while functioning in
any of the six non-acquisition modes. (The label of Non~Engagement Modes
seems more appropriate.) For this reason, the times at which the FU entered a
non-acquisition mode were not extracted for entry into the FAADS Target
Engagement Sequence data base. The six non-acquisition modes were as follows:

Gunner Slave, Radar, Optical
Gunner Slave, Radar Auto

SL Slave, Radar, Optical

SL Slave, Radar Auto

Gunner Free, Radar, Optical
Gunner Free, Radar Auto

AN W -

Because they involve the Radar Auto mode, non-acquisition modes 2, 4, and
6 are at a higher level of automation than modes 1, 3, or 5. Non-acquisition
modes 1, 3, and 5 all included the optical component which required more time
to engage than the radar auto system mode.

Non-acquisition modes 1 and 2 both used Gunner Slave, and modes 3 and 4
both used Squad Leader Slave procedures. The four non-acquisition modes using
gunner and squad leader slave are not to be associated with the System Mode
Slave where subsystem failure precluded a normal fire control solution.

During Gunner Slave (modes 1 and 2), the squad leader retained control of
the periscope to maintain search capability. However, since the gunner was in
control, the gunner maintained control of guns and gunsight. The guns moved
to gunsight line of sight. The gunner”s triggers were enabled, and the squad
leader”s triggers were not enabled. The Operator”s Manual (Crew) (Volume I of
II1, Gun, Air Defense Artillery, Self-Propelled: 40 mm, M247, Sgt York, July
1984) defined the slave mode as follows: "To lock either guns, gunsight, or
periscope to certain position and then bringing remaining two to the same
azimuth and elevation.”

In Squad Leader Slave, the squad leader maintained control of the guns,
turret, and gunsight. The guns and gunsight both moved to the periscope line

19




of sight (L0S). The gunner had no grip control. The squad leader”s triggers
were enabled, but the gunner”s triggers were not enabled.

As seems evident from the name, there was no slaving of the guns to the
gunsight during the Gunner Free modes (5 and 6). System designers provided
an abundance of system modes. The reasons for distinguishing between these
two modes and for prohibiting firing when in an otherwise aggressive "non-
acquigition” mode are not expressed in the Operator”s Manual. Provision of
redundancy does not seem a sufficient reason.

Acquisition Modes. There were six Acquisition modes. Any of them could
be used throughout the engagement sequence. The 1553 Data Bus indicated the
time at which a system mode was changed by a crew member, and what system mode
the Fire Unit was in throughout the engagement sequence. The six acquisition
modes were as follows:

Gunner/SL, Laser Track, Radar Auto
Gunner/SL, Radar Auto

Gunner/SL, Laser Track, Radar Pointer
Gunner/SL, Radar Pointer

Gunner/SL, Laser Track, Radar, Optical
Gunner/SL, Radar, Optical

QO > 0o~

Modes 7 and 8 represented the highest level of automation during a target
engagement sequence, since they both used a form of Radar Auto. Modes 9 and A
represented a medium level of automation with the use of Radar Pointer. Modes
B and C were indicative of the lowest level of automation based on the
functions required to perform an optical engagement. In the optical mode, the
squad leader detected and located a target visually by either using the
periscope or by operating with head out of the turret. In the optical mode,
all targets had to be identified visually by one of the crew members. Mode 7
was not employed during the Force-on~Force Target Engagement Sequences that
were entered into the Data Base created by this research effort.

1553 Data Bus. The 1553 Data Bus documented the system modes that were
used during the engagement sequence. Of some interest was the sequence of
system modes used during each engagement. The number of acquisition modes
selected, the number of non-acquisition modes selected, and the mode applying
at time of trigger pull were retrieved and are shown in Table 5. Table 2
depicts the chronology of a portion of Trial 1035 as printed by the 1553 Data
Bus listing. The 1listing indicates that System Mode 9 (Laser Track, Radar
Pointer) was the system mode of operation throughout the firing sequence. The
Fs running down the F column indicate continuous firing during the time
sequence represented on the table. The sequence depicted has a total duration
of 3.93 seconds.

For a better understanding of the relationship between the system modes
and the 1553 Data Bus, knowledge of the procedures required to initiate target
acquisition and engagement sequence using radar, laser, or both would be
beneficial. The target acquisition and engagement sequence for Sgt York
consisted of eight categories as shown in Figure 10.

Searching - The acquisition and engagement process was initiated by having
the crew search for targets. Detecting is to find a potential target.
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Table 2

1553 Data Bus, Trial 1035

TIME SYSTEM MODE FIRING . ACTEYITY
v v

9 43,083 227.220 9-A G L RP 4SS A RF N LASFER N3, WIDE BEAY

3 43.075 221.242 9 A GLRP 45 BBF R FCC CLAIMS RADAR LOCK
9. 22,321 221,288 9 A GLRP 4SS RRBF R ___FCCCLAIMS PADAR BROX
2 43.143 221.310 S9‘AGLRP 4 S BIB.F GUHSIGHT BORESIGHT KC

43,248 221.515 9-A G L B P 4 S 3BF R FCC CLATES RADAR LOCK

9 43.393 221.560 9 A G6L.P &£&BBBF R RADAR CUZ BLINEKING
9 43,621 9221.788 9.2 G L . P 4R B BF R ___FCC CLAIKS RADAR BROS
9-43.666 221.833 9-AGL.P 4BBBF R FCC CLAIKS RADAR LOCE
9 43,757 221.924 9 A G L RP 4&SRRBRF R __ RADAR COE SOLYD
9 43.893 222.060 9-AGLRP 4S3BPF R FCC CLAIMS RADAR BROZ
9-44.030 222,197 9 A G L RP 4SRBBF R FCC_CLAIKS RADAR_LOCR
9 44,166 222.333 9 A GLRP 4SBBF R FCC CLAIVMS RADAR BRO!
0.458,912 222.379 9- A GLRP 4AS BRBRF R ECC CLATES RADAP LOCR
9 44.256 222.423 9 AGCGLRP 4 SBBP IFF EOT FRIEUD, TARG:
9 44,302 222.469 9 R G L R P A4S RBRBPF R FCC CLAIMS RADAR BRD?
9 44.439 222.606 9-AGLRP A4S BBF R FCC CLAIKXS RADAR LOCE
9 44,484 222,651 9-A G L R P 4 S B B'F R. _FCC CLAIMS RADAR_EROZ
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Figure 10. Target acquisition and engagement sequence for Sgt York.
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Identifying is to determine whether the target is a friend or a foe.
Classifying is to determine what type of vehicle or aircraft the foe 1s8; and
to determine, for multiple threats, which target possesses the greatest degree
of threat. Acquicing - Acquiring the target required directing the tracking
system to the target. In the case of the Sgt York, the tracking system could
have been the radar, laser, or a combination of both. Lasing - Actually,
lasing was a subset of acquisition and tracking, since it could have been used
optionally in either of these categories. During tracking, the acquired
target was followed by radar and/or laser. Engaging 1is to fire the system”s
guns at the target. Terminating is the ending of the engagement sequence, and
this could happen in either of two ways. One, the crew member firing could
stop pulling the trigger. Two, the fire control system could terminate the
firing even though the crew member continued to pull the trigger. This was
another aspect of the automatic functioning of the fire units.

For an overview of the layout within the crew stations, see Figure 1ll.
This illustrates the location of the gunner and squad leader control panels,
the display, and the control grips.

Radar Auto. In the Radar Auto system mode, either the squad leader or the
gunner activated the palm switch, and the turret gun switch was set to
enable. The RDR switch was set to AUTO. The fire control computer directed
the system to the target when the target was in the recommended range. The
system was directed to the target of highest priority, e.g., greatest threat.
A solid radar cue meant the target had been acquired by the radar. In the
Radar Auto mode, the crew decision time was reduced more than in the other
system modes. In the Radar Auto mode, once the auto mode had been set up by
the crew, the only decision for the crew member to make was to pull the
trigger when there was a solid fire cue. The Radar Auto procedures are
illustrated in Figure 12.

The squad leader and the gunner each had identical right control grips.
The right control grip had a toggle switch which placed the system in Radar
Auto or Radar Pointer acquisition mode (see Figure 13).

Radar Pointer. Using the Radar Pointer acquisition mode, it was possible
to designate one target with the pointer symbol on the display. Once the
target was pointed, it was watched by search radar. It was possible to
engage other targets while the radar watched the designated target. The
squad leader or the gunner could designate the target using the Radar Pointer
method. Radar pointer designation was performed by selecting a target on the
display and holding the pointer on button down. At the same time, the thumd
tracker was used to direct the pointer symbol to the designated target. When
the pointer on symbol touched the target symbol, the POINTER ON button was
released. The pointer locked on the target and moved with the target on the
display. The flow of the sequence for the radar pointer activity is shown in
Figure 14.

As in the Radar Auto acquisition mode, either the squad leader or the
gunner used his right control grip for radar pointing. In this procedure, the
toggle switch was moved to the pointer position. The left control grip was
used to push and hold down the POINTER ON button. Concurrently, the THUMB
TRACKER was used to direct the pointer to the target symbol on the display
(see Figures 15 and 16).
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1. GUNNER’'S CONTROL PANEL: Contains controls for gun and ammunition setup, laser
mode selection and arming, system mode selection, and 16-button keyboard for entering
commands snd data. Also containg indicator lamps to show status of systems.

2. DISPLAY: Shows target situation, vehicle coordinates, system status, operating menus,
and fault isolation data, depending upon mode selected.

3. SQUAD LEADER‘S CONTROL PANEL: Contains controls for selecting radar mode
and search sector, arming guns, adjusting status of display symbols, and selecting
power on-line status of major systems. Also contains indicator lamps to show status
of different systems,

4. POWER DISTRIBUTION UNIT (PDU): Contains circuit breakers for electrical cirquiu in
turret systems, Includes BATTLE SHORT S1 and TUR INTLK OVERRIDE S2 switches,

S. CONTROL GRIPS: Control turret and gun movement and target engagement functions.

Figure 11. Crew compartment components.
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Figure 12. Radar Auto procedures.
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Figure 13. Right control grip, Radar Auto.
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Figure 14. Radar Pointer procedures.

27




THUMB TRACKER

e
THUMS \

TRACKER SLAVE

RADAR POINTER OFT

FREE

Figure 15. Right control grip, radar pointer and thumb tracker.
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Figure 16. Left control grip.
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Lasing Targets. There were two primary modes used for lasing a target.
There was the Optical/Laser acquisition mode previously described as engaging
targets without the support of radar capability. In the Optical/Laser mode,
the IFF did not identify targets so that targets had to be visually identified
during tracking. In the Optical mode, the only way to give target range and
speed data to the fire control computer (FCC) was by lasing.

When added to either the Radar Auto mode or the Radar Pointer mode, lasing
a target could provide greater accuracy to the radar~based fire control
solution. Provided that the target could be seen in the gunsight and that
there was time to arm the laser, greater accuracy was possible. A flow
diagram of the lase procedure is presented in Figure 17.

To initlate the lase procedure, the GROUND-AIR switch was set for target
type by the gunner. The switch was located on the gunner”s control panel. In
ground mode, the narrow laser beam matched coverage of the gumsight inner
reticle circle, and point detonating ammunition was automatically selected.
After the GROUND-AIR switch had been set, the laser switch was set to ARM by
the gunner. The ARMED indicator lamp indicated the laser armed condition.

See Figure 18 depicting the gunner”s control panel for laser.

If the crew decided to lase a target without radar, then the gunner was to
set the OPT switch to slave and release. This would place the gunner in
gunner slave condition. The gunner was then in control. The guns moved to
gunsight LOS, and the gunner”s trigger was enabled. Concurrently, the squad
leader was free to move the periscope for search activities, and the squad
leader”s trigger was not enabled. The squad leader”s OPT switch was set to
free, while the gunner”s switch was set to slave. See Figure 19 for a line
drawing of the gunner”s right control grip which indicates the QOPT toggle
switch.

After the laser had been armed, the laser track button was pushed.
Pushing the laser track button erased any earlier target range data. Gunsight
control was given to the gunner, and the laser was prepared for firing.
Figure 20 represents the gunner”s left control grip and the location of the
laser track button.

The thumb tracker (right control grip) was used to move the center of the
small reticle circle to the selected target area (see Figure 19). As soon as
the circle was moving at the same rate as the lased spot, the laser track
button was released. There were laser cues on the display. The thumb tracker
was used to continue to make small corrections as the target was tracked.
Periscope and gunsight eye pieces blinked until the range data was received.

When the range data was accepted, the laser cue came on steady. The target
would now be considered in laser acquisition, and could be engaged.
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Figure 17.
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Lase procedures.
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Figure 18. Gunner's control panel, laser.
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Figure 19. Gunner's right control grip, OPT switch and thumb tracker.
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Figure 20. Gunner's left control grip showing laser track button.
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A TES Performance Data Base

During the first half of 1985, follow-on evaluation tests (FOE I) were
conducted to evaluate the performance of the Sgt York Air Defense Gun. FOE I
for Sgt York had two phases, Force-on-Force and Live Fire. The Force-on-
Force phase included 29 test trials in which Sgt York fire units were involved
and which met pre-established criteria for validity. As described in the
preceding section, a 1553 Data Bus was connected to each Sgt York fire unit
taking part in the Force-on-Force trials. Consequently, it was possible to
monitor the actions of the crew members as indicated by their button-pushing
and switch actions. For example, records of switch actions showed when the
radar pointer control was pressed or released, when the laser was turned on
and off, and when the trigger was engaged and released. From the printout of
the data bus information (See sample in Table 2), it was possible to tell what
was done, when it was done, and by whose controls, the squad leader”s or the
gunner”s.

By extracting data from the data bus record of activity during the Force-
on-Force trials, an extensive body of data was compiled on the target
engagement sequences that occured during Force-on-Force test trials. A total
of 15 complete trials was analyzed. In selecting the trials to be analyzed,
trial variables were considered and trials chosen so that all test conditions
were represented within the selected trials. To make the effort manageable,
while maximizing the usefulness of the obtained data distributions, only
actions which led to complete target engagement sequences were extracted.

That 1s, for an action or series of actions to appear in the data base that is
presented and discussed in this report, it had to culminate in firing on a
target. Each target that was actually fired on during the 15 trials selected
for analysis was tracked back to its initial appearance. Actlion pertaining to
that target then was identified and recorded for the period from time of
appearance (the start of an engagement) to the time that firing on that target
ceased (the end of an engagement). A total of 271 such target engagements
were identified and analyzed for this report.

From start to end of a target engagement sequence, a number of tasks had
to be carried out. The target had to be identified, selected, and classified;
it had to be tracked and a Fire Solution calculated to make interception
possible. A firing decision had to be made and implemented. The fire units”
computers were available to aid the operators throughout the target engagement
sequence. As has been explained in the preceding section, several operational
modes were avallable to the Sgt York crewmen so that they could choose
appropriate levels of automation.

The conditions and parameters of the Sgt York FOE I tests are described
briefly below to provide a context for later discussions of variables used in

the categorization and presentation of data. Following the test description,
the final and major portion of this chapter presents the actual data obtained

for the FOE I tests.

The Sgt York FOE I Tests

During the Sgt York FOE 1 Force-on-Force trials which were conducted at
the Combat Development Experimentation Center (CDEC) at Fort Hunter-Liggett,
CA, there were a total of 52 valid trials conducted. Of this total, 12 were
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Vulcan baseline trials, 11 others were combined Chaparral and Vulcan trials,
and 29 included Sgt York fire units. It was from this group of 29 trials that
the subset of 15 was selected for analysis.

The Blue Force portrayed the friendly force and the Red Force simulated
the enemy. In an attempt to have test conditions represent the variety of
situations that might be encountered in an actual battlefield, the Blue
battalion task force was assigned to a series of scenarios to be conducted
against enemy vehicles and aircraft vnder various electronic warfare condi-
tions with simulated enemy aircraft employing a variety of tactics, and with
crews wearing nuclear, biological, and chemical (NBC) gear (i.e., Mission-
Oriented Protective Posture (MOPP)).

During each of the Sgt York trials, from three to five Stinger crews were
present for the Blue Force. In addition, two Chaparral fire units were
deployed to the rear of the battalion task force. The Blue Force also had
from 21 to 26 M-1 tanks, from 10 to 13 M~3s (infantry fighting vehicles), and
usually an AH-1 (attack helicopter), although on Trial 1026 an OH-58 (observa-
tion helicopter) was used as a substitute.

The Red Force included two A-10s (fixed-wing aircraft) representing
Frogfoot aircraft, two A-7s (fixed-wing aircraft) representing FITTERs, and
from two to four AH-64s (attack helicopters) acting as HAVOC or HIND heli-
copters depending on the particular test conditions to be met. In additionm,
there were other support elements, including at least 16 M-60 tanks represent-
ing T-80 tanks.

Each Sgt York FOE 1 trial had originally been planned to have a duratiom
of 72 hours. However, due to the constraints of instrumentation, data
collection for each trial was limited to approximately 20 to 30 minutes.
Even so, the Sgt York crew members were in their crew compartments for at
least 2 to 3 hours for each trial.

Each trial was assigned a sequential trial number and each trial was
assigned to one of three scenarios, to one of three helicopter tactical
conditions, to one of three ECM levels, to day or night time, and to one of
two MOPP levels. These conditions are described briefly below.

Scenario Conditions. Three different scenarios were used for the Force-
on-Force trials: (1) Delay, (2) Attack, and (3) Road March. Each scenario
differed by the technical mission assigned to the Blue Force. Two versions of
each scenario type were implemented. The chief difference between the two
versions was in the direction of orientation and thus the specifics of the
terrain conditions encountered.

valid Sgt York trials included 10 Delay scenario trials, 14 Attack
scenario trials, and 5 Road March scenario trials. Four Delay scenario
descriptions used site 1, Gabilan Valley, southeast, and six Delay scenarios
used site 2, San Miguelfto Loop, northwest. Six Attack trials used the San
Miguelito Loop terrain site, southwest, designated as site 3. An additional
efight Attack scenario descriptions used terrain site 4, Gabilan Valley,
northwest. Only one Road March scenario trial used terrain site 5, San
Miguelito Loop, southeast. Road March terrain site 6, Gabilan Valley, was
used in four different trials.

34




Helicopter Tactics. Another of the variables introduced into the Sgt
York FOE 1 trials concerned the tactics used by the simulated enemy rotary-
wing aircraft. Two different types of threat were represented, Havoc and
Rind aircraft. That is, in a given trial, threat rotary-wing aircraft
represented either the Hind or the Havoc.

Two tactical variations were introduced when the Hind was the helicopter
simulated. In some trials, the Hind used the tactic of hovering, and in other
trials it used the tactic of running. The simulations of the Havoc only used
the tactic of hovering. Thus, there were three combinations of helicopter-
plus~tactical variations, one of which was assigned to each trial. Each trial
was either a Havoc/hover, a Hind/hover, or a Hind/running trial.

ECM Conditions. The countermeasure types were termed Benign, Design, and
Initial Operational Capability (IOC). In those trials assigned to the Benign
ECM conditions, no electronic countermeasures were introduced. The Design
condition was defined as electronic countermeasures consistent with Sgt York
design specifications; it was the level originally intended to be used in Sgt
York trials. The Initial Operating Capability (IOC) condition represented an
advanced ECM environment, consistent with the level of electronic counter-
measures that Sgt York was expected to encounter when fielded. Thus, 1t was
the most stringent ECM condition used during Sgt York FOE I trials.

Time-of-Day. FOE I was initially seen as an opportunity to evaluate the
ability of the Sgt York to function under both day and night conditions. Both
road march scenarios were scheduled to be run at night and in the day, but
operational difficulties and safety hazards encountered in the first nighttime
trial (Trial 1040, Road March 6) led to a decision prior to the second night
road march to deploy the fire units along the route of march during the pre-
dusk hours while light was still available so that they did not have to be
repositioned in the dark. Thus, the second night road march was only
nominally a night trial. Because the operational conditions of the Road March
5 trial differed from those of the earlier night road march, only the early
trial was used in the Day-Night comparison.

MOPP Level. Two levels of MOPP equipment were introduced as a variable
in the FOE I trials. Two trials were conducted with the crews wearing MOPP
Level 4. All other Force-on~Force trials were conducted at MOPP Level 1. The
crew members started the trial by wearing MOPP gear around their lower legs
with overboots on. The tactical operating procedure was to suit up partially
before entering a vehicle. Crew members wore the MOPP overgarments around
their lower legs for Level 1 MOPP. For the two MOPP 4 trials, the MOPP
overgarments were pulled up and masks/hoods and gloves were donned (Babbitt,
1987).

The sgt York FOE I Data Base

This section presents the data base compiled by extracting data from the
Sgt York FOE I Force-on-Force test trials. First, Table 3 presents the
performance data base, showing trial by trial mean times for each of 11
segments of the sequence. Table 4 summarizes the mean times, segment by
segment, and includes the standard deviation and N for each measure. Table 5
presents data on the number of targets displayed when the selected target
first appeared, the range at which the selected target first appeared, and
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information on system modes applicable to each engagement. It is organized,
as was Table 3, by trial number and by fire unit and engagement number within
each trial. The elements of Table 3 are discussed below in detail.

Table 3 presents the data extracted from the records of the actual
performance of crew members and fire units as they took part in the Sgt York
FOE 1 Force-on-Force test. As noted earlier, 15 of the 29 valid Sgt York
trials were the focus of detailed analysis. All completed target engagement
sequences (i.e., those in which a target was actually fired on) in those 15
trials, a total of 271 target engagement sequences, were analyzed. 1In Table
3, data on those 271 engagements are ordered by trial number, the first trial
presented being Trial 1020 and the last trial presented being Trial 1048. A
new page is started with each change of trial number, and some trials run over
a single page of description.

Within each trial, the data are ordered by fire unit number, from 1 to 5,
and within fire unit by engagement number. Fire unit number and engagement
number are shown in the first column of Table 3. If a fire unit number is
missing from the record of a given trial, it indicates that the fire unit
either did not take part in that trial or did not finish any complete target
engagements during that trial.

For each engagement detailed in Table 3, times are shown for 11 different
time intervals. These 11 intervals represent four separate classes of data:
Crew decision times, crew action times, system processing times, and summary
measures. These classes are named in the top line of Table 3. In the second
line, the column headings name the 11 time intervals. These 11 intervals,
which are dependent variables, are defined and described below. In each case,
the event or action that began the interval and the one that ended it are
identified.

Select/Classify Target. The selection interval began when a target
appeared on the plasma display. This event was indicated on a plot of the
targets displayed that was taken from the 1553 data bus. It showed targets
by number or letter with range (0-10 km) shown across the top of the plot
and time along the left margin. The selection interval ended when the
operator (squad leader or gunner) depressed either the radar pointer or the
laser switch to begin target acquisition. The mean time taken to select a
target was 7.9 seconds, for 221 engagements.

Point Target. This column records the time it took a crew member to get
a target pointed; 1.e., the interval between pointer depressed and pointer
release, so long as the release was followed by the appearance on the 1553
data printout of a target number under "Target Pointed.” To point a target, a
crew member had to track the target while holding the pointer switch
depressed. The mean time it took to point a target was 2.3 seconds, for 155
engagements.

Lase Target. This column records the time it took a crew member to
indicate a target by lasing it. The time entered represents the interval
between laser depression and laser release, if that release was followed by
the appearance on the 1553 data printout of a target number under “"Target
Engaged.” The mean time that the laser switch was depressed was 1.1 seconds,
for 66 engagements.

36




Acquisition of Target. Once the tracking radar had locked onto the
target selected and was able to follow it, the Radar Pointer Button or the
Laser Button was released by computer signal. Later, the 1553 data bus
indicated that a radar cue or a laser cue was on. The interval between the
time that the crew action (pointing or lasing) terminated and the time that
the radar or laser cue came on was recorded as the acquisition interval. The
mean acquisition time for the 221 engagements involving Point Target and Lase
Target was 3.5 seconds. The mean acquisition time for the 271 engagements
recorded in Table 3 was 4.2 seconds.

Fire Solution by Computer: Blinking Cue. Once the target had been
acquired by the tracking radar and had range as well as elevation and azimuth
information, the fire control computer was able to calculate a fire control
solution. When that solution had been obtained, the firing cue came on in the
Sgt York crew compartment. A firing cue light might blink on and off, or it
might simply come on and stay on. The former case was referred to as a
"blinking” firing cue and the latter case was referred to as a "solid” firing
cue. A blinking cue indicated a less certain sclution than did a solid cue.
The interval between the appearance of the radar or laser cue and the
subsequent appearance of the blinking firing cue was entered as the time it
took for Fire Solution by Computer: Blinking Cue. Whether or not to fire on
a blinking firing cue rather than waiting for a solid cue (that might or might
not appear) was left to the discretion of the operator. If the firing cue
light stopped blinking and became a solid firing cue before the trigger was
activated, "NA" was entered in the blinking cue column for that engagement.

On 65 of the 271 engagements, firing began on a blinking fire cue. For those
65 cases, the mean time taken by the computer to produce a firing solution was
4.0 seconds.

Fire Solution by Computer: Solid Cue. 1If the firing cue light came on
and stayed on, the time between Target Acquisition (indicated by the ap-
pearance of a radar cue or a laser cue light) and the onset of the solid
firing cue was entered as Fire Solution by Computer: Solid Cue. A blinking
fire cue might or might not precede a solid fire cue, but the time entered
under "solid cue” was always calculated from the end of acquisition. Thus,
the time to obtain a solid firing solution was not affected by whether or not
a8 blinking fire cue occurred, and the time to solid firing cue could be
compared across engagements. If a solid firing cue came on after a blinking
firing cue and after firing had already begun, the time to onset of a solid
cue is shown in parenthesis in Table 3 and is not taken into account in
calculating the mean time. If the firing cue did not stop blinking, "NA" was
entered under "Solid Cue.” For the 206 engagements for which there was a
solid fire cue presented prior to trigger depression, the mean time to onset
of the solid fire cue was 2.6 seconds.

Comparing the mean time for Fire Solution: Blinking (4.0 seconds) with
mean time for Fire Solution: Solid (2.6 seconds) suggests that the crew
members may have had some informal criterion for how long they should wait for
a fire cue to become solid, and, if the fire cue continued to blink after that
time interval had passed, the operator decided not to wait longer but to fire
on the blinking cue. Had he waited, perhaps there would have been a time for
“fire cue solid"” instead of "NA" in that column. It appears that it takes
less time to achieve a solid fire cue than to achieve a blinking fire cue, it
may be that for some engagements the solution was more difficult or tenuous
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and on such engagements the solution not only took longer but only reached the
"blinking cue" stage.

Decision to Fire: After Blinking Cue. The time interval between the
appearance of a firing cue and trigger depression by a crew member was
recorded as decision-to-fire time. As noted earlier, although a solid firing
cue indicated a higher probability of a successful engagement, a crew member
could decide to fire on a blinking cue. Firing began a mean of 1.7 seconds
following the onset of a blinking fire cue and 1.3 seconds after a solid fire
cue. If there is an entry in the column headed “"After Blinking Cue,” it
indicates that on that engagement, the operator fired on a blinking cue. The
number entered indicates the delay in seconds from time of onset of blinking
fire cue to time of trigger activation. If the trigger was not depressed
while the fire cue was blinking, "NA" is entered.

Decision to Fire: After Solid Cue. The time between onset of a solid
fire cue and trigger depression is entered in this column. If the operator
fired before the solid firing cue appeared, "NA" is entered. On one en-
gagement (Trial 1046, Fire Unit 2, Engagement 6), a negative number, -0.1, is
entered under "After Solid Cue.” On this occasion, the gunner activated the
trigger just prior to the appearance of the firing cue. 1In this case when the
fire cue came on, it was solid from the onset.

Time to Fire. This column represents a summary of the preceding steps of
the TES. It tells how long it took after target presentation for firing to
begin. The overall mean Time to Fire for all 271 engagements was 16.5
seconds, except for times enclosed in parentheses; those steps are not
included in the Time-to-Fire total because they occurred simultaneously with
other steps.

Fire Duration. This column indicates how long firing continued for each
engagement. That 1s, it records the time interval from the beginning of
trigger pull to the end of the engagement. Some engagements were ended when
the gunner released the trigger. 1In other instances, the weapon system ended
the engagement (stopped firing) when radar lock-on was lost. According to Sgt
York operating manuals, firing was to continue for 3 to 7 seconds when firing
in burst select mode. The mean Fire Duration for the 271 engagements was 8.0
seconds.

Total Engagement Duration. This column summarizes the time interval from
the appearance of the target to the cessation of firing. The mean Engagement
Duration across all 271 trials was 24.6 seconds.
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Table 4

Mean Durations of the Component Intervals of the Target Engagement Sequence
(plus standard deviation and N = number of engagements)

TES Interval Mean Standard N
Duration Deviation
(secs) (secs)

Select Target 7.9 10.4 221
with Radar Pointing 7.7 9.4 155
with Lasing 8.3 12.4 66

Pointing or Lasing Target 1.9 1.8 221
Duration of Pointing 2.3 2.2 155
Duration of Lasing 1.1 0.9 66

Target Acquisition 4.2 4.7 271
Via Radar Pointing 4.9 3.3 155
Via Lasing 0.1 0.07 66
Via Radar Auto 5.2 2.3 3
System Preempts 6.6 6.4 43
System, then Crew 17.9 10.6 4

Fire Solution: Blinking 4.0 3.1 65

Fire Solution: Solid 2.6 3.2 206

Fire Solution: B + S 2.9 3.2 271

Fire Decision: Blinking 1.7 2.5 65

Fire Decision: Solid 1.3 2.8 206

Fire Decision: B + S 1.4 2.7 271

Time to Fire 16.5 11.9 271
with Radar Pointing 19.8 11.1 155
with Lasing 14.3 13.0 66
with Radar Auto 6.7 2.4 3
with System Preempts 7.9 6.9 43
with System Tgt Acqu 25.6 11.8 4

Fire Duration 8.0 8.0 271

Total Engagement Duration 24.6 14.3 271
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Table 5

Target Engagement Tasks Showing Targets Displayed and Range, System Modes, and
Crew Action

TARGETS SYSTEM MODE CREW

Scenario: Attack ACTION

Sce. Tactic: Havoc/Hover
TRIAL 1020

Time Targets Target { # of # of Mcde at ist

to Displayed | Range Acg. | Non-Acg.| Trigger | Action

Fire (km) Mode Mode Pull

{s)
Fire Unit 1
Engmt. 1 67.6 5 2.5 1 3 B G
Engmt. 2 42.1 7 4.0 2 L] B G
Engmt. 3 20.1 4 3.0 1 1 B G
Engmt. 4 9.8 3 4.0 1 0 A SL
Engmt. § 36.0 "3 4.0 3 6 B G
Engmt. 6 8.2 2 4.5 1 1 A SL
Engmt., 7 9.4 7 2.0 1 3 B G
Fire Unit 3
Engmt. 1 28.1 16 8.5 2 1 B G
Engmt., 2 13.4 13 2.0 2 1 B G
Exmt. 3 15.8 2 7.0 1 1 A G
Engmt. 4 36.8 4 4.5 3 1 A G
Engmt. 5 12.5 3 2.5 1 o] A G
Fire Unit 4
Engmt. 1 17.0 5 5.5 2 1 A SL
Engmt. 2 31.3 10 2.5 1 2 A SL
Engmt. 3 14.6 7 3.0 2 1 A SL
Engmt. 4 38.5 10 6.0 1 1 A G
Engmt. 5 25.6 15 1.0 1 1 A SL
Engmt. 6 25.1 16 0.5 1 1 A SL
Engmt. 7 5.9 7 2.0 1 1 A SL
Engnt. 8 29.1 8 1.0 1 o] A NA
Engmt., 9 8.2 16 0.5 1 0 " A NA
Engmt. 10 26.7 7 6.5 1 1 A G
Engmt. 11 6.3 8 6.5 2 1 c G
Engmt., 12 0.0 11 4.0 1 0 c NA
Engmt., 13 2.0 12 3.0 1 (o) c NA
Engmt. 14 14.8 11 i.0 1 0 c NA
Engmt. 15 18.6 17 1.5 2 1 A SL
Engmt. 16 18.6 6 3.5 2 4 B G
Engmt. 17 11.8 5 €.0 1 1 A G
Engmt. 18 8.4 11 4.0 1 0 A NA
Engmt. 19 74.6 3 3.0 7 2 A SL
Fire Unit 5
Engmt. 1 2.8 10 0.5 2 o] B NA
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Table 5

Target Engagement Tasks Showing Targets Displayed and Range, System Modes, and
Crew Action (Cont'd.)

TARGETS SYSTEM MODE CREW
Scenario: Attack ACTION
Sce. Tactic: Hind/Running
TRIAL 1021
Time Targets Target | # of # of Mcde at ist
to Displayed | Range Acg. | Non-Acq.| Trigger | Action
Fire (Jan) Mode Mode Pull
(s)
Fire Unit 2
Engmt. 1 13.0 5 2.0 1 0 A G
Fire Unit 3
Engmt. 1 11.4 g 4.0 1 1 A G
Engmt. 2 13.0 5 1.0 1 0 A NA
Engmt. 3 4.5 2 1.0 1 0 A NA
Engmt. 4 4.4 1 0.0 1 o B G
Engmt. 5 24.7 3 0.5 1 1 A G
Engmt. 6 6.5 6 1.0 1 (o) A NA
Fire Unit §
Engmt. 1 3.9 6 1.0 1 0 B G
Engmt. 2 29.8 2 2.0 2 2 A G
Engmt. 3 10.3 6 2.0 1 1 A SL
Exgmt. 4 31.4 4 8.0 1 1 A G
Engmt. 5 0.6 4 4.0 1 (o] A NA
Engmt. 6 Q.0 2 3.5 1 0 A NA
Engmt. 7 5.8 3 3.5 1 (o] A NA
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Target Engagement Tasks Showing Targets Displayed and Range, System Modes, and

Crew Action (Cont'd.)

Table 5

Fire Unit 4

Engmt. S
Engmt. 6
Engmt. 7
Engmt. 8
Engmt. 9
Engmt. 10
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Table S

Target Engagement Tasks Showing Targets Displayed and Range, System Modes, and
Crew Action (Cont'd.)

TARGETS SYSTEM MODE CREW
ACTION
Scenario: Delay
Sce. Tactic: Havoc/Hover
TRIAL 1023
Time Targets Target | # of # of Mode at ist
to Displayed | Range Acg. | Nen-Acg.| Trigger | Action
Fire (lon) Mode Mode Pull
_{s)
Fire Unit 2
Engmt. 1 19.4 2 0.5 1 1 A G
Engmt. 2 19.7 4 1.0 b 1 A G
Engmt. 3 6.3 9 0.0 1 1 B G
Engmt. 4 5.4 4 3.0 1 1 A SL
Engmt. § 54.1 9 4.0 10 4 9 SL
Engmt. 6 4.7 1 0.0 2 1 B G
Fire Unit 3
Engmt. 1 31.6 3 10.1 4 2 9 SL
Engmt. 2 4.4 3 0.0 1l 4] B G
Engmt. 3 10.4 8 1.0 2 1 B G
Fire Unit 4
Engmt. 1 28.0 6 6.5 2 1 A SL
Engmt. 2 35.3 10 8.0 4 3 A SL
Engmt. 3 12.0 4 6.0 1 (o] A NA
Engmt. 4 14.9 3 5.0 2 2 A SL
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Table 5

Target Engagement Tasks Showing Targets Displayed and Range, System Modes, and
Crew Action (Cont'd.)

TARGETS SYSTEM MODE CREW
Scenario: Road March ACTION
Sce. Tactic: Havoc/Hover
TRIAL 1026
Time Targets Target | # of # of Mcde at ist
to Displayed | Range Acqg. | Non-Acqg.| Trigger | Action
Fitr)e (km) Mode Mode Pull
8
Fire Unit 1
Engmt. 1 13.6 b 7.0 2 1 A SL
Engmt. 2 0.0 4 5.0 2 0 A NA
Engmt. 3 13.6 3 1.0 2 2 B G
EFire Unit 3
Engmt. 1 18.2 8 2.5 1 3 B G
Fire Unit 4
Engmt. 1 5.3 5 4.5 1 1 B G
Fire Unit §
Engmt, 1 5.4 4 0.0 1 0 B G
Engmt. 2 22.7 6 10.0 2 5 B G
Engmt. 3 11.9 3 7.0 3 (o} 9 NA
Engmt. 4 17.7 3 3.0 1 2 B NA
Engmt. § 24.6 3 5.0 3 2 9 G
Engmt. 6 8.4 8 4.0 i 3 B G
Engmt., 7 40.6 4 5.0 2 (o} 9 NA
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Table S

Target Engagement Tasks Showing Targets Displayed and Range, System Modes, and
Crew Action (Cont'd.)

TARGETS SYSTEM MODE CREW
Scenario: Delay ACTION
Sce. Tactic: Havoc/Hover
TRIAL 1027
Time Targets Target | # of # of Mode at ist
to Displayed | Range Acg. | Non-~Acg.| Trigger | Action
Fire {lom) Mcde Mode Pull
As)
Fire Unit 1
Engmt. 1 15.2 8 2.0 b 1 A NA
Fire Unit 3
Engmt. 1 20.7 5 8.0 1 1 A SL
Engmt. 2 11.9 2 3.0 1 1 A G
Engmt. 3 24.7 8 3.0 1 1 A SL
Engmt. 4 9.7 4 2.0 1 1 A SL
Engmt. & 14.3 3 3.5 1 1 A SL
Engmt. 6 8.2 S 0.5 2 1 o] SL
Engmt. 7 21.4 9 7.0 1 1 A NA
Engmt. 8 17.2 6 7.0 4 0 9 NA
Fire Unit 4
Engmt. 1 16.4 3 7.0 1 1 A &
Engmt. 2 6.3 1 2.0 b1 1 A SL
Engmt. 3 7.5 4 4.0 1 1 A G
Engmt. 4 17.5 4 4.0 1 1 A SL
Engmt. 5 17.3 7 8.0 1 1 A SL
Engmt. 6 25.2 4 2.0 1 3 A G
Engmt. 7 12.1 3 5.0 1 1 A G
Engmt. 8 22.5 4 5.0 2 2 A SL
Engmt. 9 00.0 5 3.0 1 o A NA
Engmt. 10 16.7 7 1.0 b 1 A G
Fire Unit §
Engmt. 1 16.8 5 5.0 4 1 9 SL
Engmt. 2 8.9 10 1.5 2 0 A NA
Engmt. 3 26.9 L] 0.0 3 1 A G
Engmt. 4 24.3 7 9.0 4 4 9 SL
Engmt. § 14.3 5 4.5 3 1 9 SL
Engmt. 6 11.6 5 2.5 3 1 9 SL
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Table S

Target Engagement Tasks Showing Targets Displayed and Range, System Modes, and
Crew Action (Cont'd.)

TARGETS SYSTEM MODE CREW
ACTION
Scenario: Delay
Sce. Tactic: Havoc/Hover
TRIAL 1029
Time Targets Target | # of # of Mode at ist
to Displayed | Range Acg. | Non-Acg.| Trigger | Action
Fire (lan) Mode Mcde Pull
(s)
Fire Unit 2
Engmt. 1 10.3 ] 3.5 3 1 A SL
Engmt. 2 33.2 5 3.5 2 1 9 SL
Engmt. 3 11.3 4 5.0 1 0 A SL
Engmt. 4 7.6 10 4.5 1 ) A NA
Engmt. § 17.5 2 6.0 3 i A G
Fire Unit 4
Engmt. 1 14.6 10 2.0 1 1 A SL
Engmt, 2 7.5 6 2.0 1 1 A SL
Engmt. 3 36.1 i 8.5 1 1 A SL
Fire Unit §
Engmt. 1 9.2 6 4.0 1 o] 8 NA
Engmt. 2 15.4 8 3.5 4 1 A SL
Engmt. 3 10.8 8 5.0 2 1 A NA
Engmt. 4 17.7 4 6.0 5 1 ] SL
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Table 5

Target Engagement Tasks Showing Targets Displayed and Range, System Modes, and
Crew Action (Cont'd.)

TARGETS SYSTEM MODE CREW

Scenario: Delay ACTI